Purpose. To evaluate functional outcomes and complications following resection and arthrodesis of the knee for giant cell tumours (GCTs) of bone, in comparison to treatment by endoprosthetic replacements reported elsewhere. Methods. 18 men and 14 women aged 18 to 40 (mean, 28) years underwent resection and arthrodesis of the knee for GCTs of bone involving the distal femur (n=17) and proximal tibia (n=15). After wide resection, 2 struts were fashioned from the harvested fibula/ fibulae and inserted into the medullary canal at the resected ends of the tibia and femur. The corresponding ends of the struts were inserted into peg holes made in the unaffected condyles in a divergent fashion. The knee was arthrodesed in 5º to 10º of flexion, with the limb kept 1 cm short. A 95º AO condylar bladeplate (10-12 holes) was fixed at the resected ends, with a minimum of 8 cortices purchase. Cancellous bone grafts were placed transversely along the struts and circumferentially over the host-graft junctions. Outcomes and complications were evaluated and
INTRODUCTION
No clinical, radiographic or histological parameters can predict recurrence and metastasis of a giant cell tumour (GCT) of bone. 1 Almost half of these lesions involve the distal femur or the proximal tibia. [2] [3] [4] [5] [6] Resection is usually undertaken for recurrent or more aggressive or extensive tumours. Various reconstruction modalities such as customised prosthesis, osteo-articular allografts, arthrodesis using autogenous bone grafts, intercalary allografts or vascularised fibular grafts, and Ilizarov techniques have been reported. [7] [8] [9] [10] Arthroplasty with a customised prosthesis provides immediate mobility and stability and excellent cosmesis, [11] [12] [13] [14] [15] [16] [17] [18] but is costly and of limited longevity. Fixed-hinge designs result in high rates of aseptic loosening (35% at 10 years) compared to the rotating-hinge prostheses. 11 The types of alloy may affect the risks of loosening, stem fracture, and stress shielding. In developing countries, low-cost alternatives such as arthrodesis of the knee are usually the treatments of choice when the extent of bone and soft-tissue resection makes arthroplasty difficult, or when patients engage in heavy manual labour. They provide practical, low-cost options for reconstruction, despite at the expense of knee mobility. 7, [19] [20] [21] We retrospectively evaluated functional outcomes and complications following resection and arthrodesis of the knee for GCTs of bone, in comparison to treatment by endoprosthetic replacements reported elsewhere.
MATERIALS AND METHODS
Between May 1992 and December 2006, 18 men and 14 women aged 18 to 40 (mean, 28) years underwent resection and arthrodesis of the knee for GCTs of bone involving the distal femur (n=17) and proximal tibia (n=15).
According to the Campanacci grading, 2 27 patients presented with extensive soft-tissue involvement and/or joint destruction (grade III) and 5 with recurrence following extended curettage and bone cementing (grade II). The mean time to recurrence was one year. Three patients presented with pathological fractures.
The preoperative planning and operative technique was similar for all patients. Anteroposterior and lateral radiography, computed tomography, and magnetic resonance imaging of the lesion were undertaken (Fig. 1 ) and the length of the 95º AO condylar blade-plate was templated. Chest radiography and open biopsy were performed. An anterior midline incision was made, long enough to expose the tumour mass and unaffected femoral/tibial condyles. Tumour was resected with 4 to 5 cm of healthy bone as margins. The length of the defect ranged from 10 to 15 cm. The unaffected condyles were denuded off articular cartilage. Simultaneously, a second team harvested the fibular and iliac grafts from the contralateral side. Two struts were fashioned from the harvested fibula/fibulae and inserted into the medullary canal at the resected ends of the tibia and femur. Both fibulae were used in 12 patients with defects exceeding 13 cm. At least 6 to 7 cm of the fibula was preserved distally to maintain stability of the ankle mortise. The corresponding ends of the struts were inserted into peg holes made in the unaffected condyles in a divergent fashion. The knee was arthrodesed in 5º to 10º of flexion, with the limb kept 1 cm short. A 95º AO condylar blade-plate (10-12 holes) was fixed at the resected ends, with a minimum of 8 cortices purchase. Cancellous bone grafts were placed transversely along the struts and circumferentially over the host-graft junctions (Fig. 2) . The wound was closed primarily over a drain kept for 48 hours, and the limb was immobilised in an above-knee cast.
Protected partial weight bearing was allowed with a long knee brace at 12 to 14 weeks. Full weight bearing was allowed at 24 to 28 weeks depending on radiological evidence of union and absence of pain. Patients were followed up every 3 months for one year and every 6 months thereafter. Functional outcome was evaluated using the Musculoskeletal Tumour Society scoring system. 22 In 14 patients who opted for a second operation, implants were removed after 2 to 2.5 (mean, 2.3) years. Outcomes between patients were compared using the Fisher's exact test. All p values were 2-sided. A p value of <0.05 was considered significant.
RESULTS
Patients were followed up for a mean of 8 (range, 3-12) years ( Table 1 ). The mean size of the tumours was 10x8x6 cm. The mean length of hospital stay was 7 (range, 5-14) days. Peri-operative blood loss ranged 700 to 900 ml. Early incorporation of the host-graft junction and lateralisation of struts was observed in 26 (81%) of the patients at 12 to 14 weeks. Sound incorporation at the host-graft junction with uninterrupted trabecular continuity and lateralisation was seen in 27 (84%) of the patients at 24 to 28 weeks. Lateralisation was evident radiologically as there was union between the struts with good callus and trabecular continuity at the host-graft junction (Fig.  3) . All patients achieved arthrodesis and full weight bearing without pain within 6 to 10 (mean, 6) months. No further shortening or loss of alignment was observed, apart from the intended shortening of 1 cm. No donor-site morbidity, loosening, implant breakage, metastasis, or death ensued. Hypertrophy of the fibular graft was observed in 9 of the 14 patients in whom the blade plate was removed (Fig. 4) .
Patient 5 was infected with Staphylococcus aureus and had absorption at the distal host-graft junction. The infection resolved after debridement and treatment with third-generation cephalosporins. Excluding patient 19 who had the amputation, the mean functional score was 26 (87% of the full score). The mean (range) sub-scores for pain, function, emotion, support, walking ability, and gait were 5 (4-5), 4 (4-5), 4 (4-5), 4 (2-5), 4 (4-5), and 4 (4), respectively.
26 patients had satisfactory functional outcomes; 4 of them reported problems when using public transport. Five other patients had occasional pain and were dissatisfied owing to difficulties related to their occupations; 2 of them used a cane intermittently.
DISCUSSION
The management of GCTs around the knee is challenging. 23 The choice of reconstruction after wide resection is based on the extent of the tumour and softtissue involvement. Endoprosthesis, osteoarticular allografting, and arthrodesis are the most commonly used options. The choice of treatment depends on the lifestyle of the corresponding patients, the surgeon's preference, and affordability (particularly in developing countries).
In developing countries, most patients can afford only the low-cost limb-salvage options such as arthrodesis, extracorporeal irradiation/autoclaving, and reimplantation. An endoprosthesis provides immediate stability and mobility to the knee joint, but is costly and of limited longevity.
11 Imported modular endoprostheses for the knee cost about US$8500. High-quality indigenous implants are not yet available at affordable prices.
In developing countries, segmental autogenous grafting was the principal technique to achieve arthrodesis, owing to limited availability of allografts from bone banks. Allografts also confer risks of disease transmission, non-union at hostgraft junctions, and immunological reactions. Use of autogenous vascularised fibula may achieve high union rates and hypertrophy, although complication rates are relatively high. 24, 25 Even non-vascularised fibula may achieve hypertrophy. 26 In developing countries, customised arthroplasty is less popular because of limited health care resource, high functional demands and non-compliance of young patients leading to loosening. In some cases extensive resection leaves few muscles to power an arthroplasty. Young patients with normal life expectancy are likely to outlive the prosthesis even after several revisions. In some patients, the long stem of the prosthesis becomes unstable under considerable stress and after extensive soft-tissue excision.
Nine of 17 patients undergoing reconstruction with segmental autogenous grafts achieved good results. 8 20 patients with bone tumours around the knee achieved good 10-year results after autogenous grafting.
21 86% of patients with solid reconstruction had satisfactory functional levels, with a mean functional score of 77%. 27 In our study, superior fixation achieved by a condylar plate contributed to early union at the host-graft junction; the mean functional score of 26 (87% of the full score) was comparable to those reported by others. 20, 21, 27 The functional scores for endoprosthetic knee arthroplasty range from 66 to 85%. 15, 16, [28] [29] [30] Aseptic loosening is a major threat to endoprosthetic replacement. 11, 12, [14] [15] [16] 28, 29 Its incidence ranges from 8 to 56% over 5 to 10 years of followup. 14, 16, 18, 29 Most series report infections (5-12%) as the commonest cause of failure. [14] [15] [16] [17] 28, 30 Bushing revision sometimes becomes inevitable. Fixed-hinged implants show increased wearing. 11, 14, 28 The time of bushing revision was reported to be about 11 years from the index surgery. 11 Overall prosthetic survival varied from 65 to 94%. 11, 12, 15, 18, 25, 28, 30 The 5-year survival is reported to be 73 to 83%, 11, 18 whereas the 10-year survival is 59 to 67%. 11, 18 We compared our results of knee resectionarthrodesis with the results of endoprosthetic arthroplasty elsewhere (Table 2) . 11, 12, 15, 16, 18, [31] [32] [33] [34] In our study, most complications were surgery-related and occurred at an early stage, whereas the shortterm results of endoprosthetic arthroplasty are encouraging. In the long term, resection-arthrodesis results in hypertrophy of the fibular struts, in contrast to aseptic loosening secondary to stress shielding in endoprosthetic arthroplasty. The long-term painless stability provided by resection-arthrodesis of the knee joint was well accepted by our patients. This limb-salvage procedure produced predictable longterm results and enabled a strong, durable and stable limb and a satisfactory lifestyle, with limited disability due to loss of knee motion. This form of surgery may be indicated as a salvage procedure following failed prosthetic replacement or osteoarticular allografting. Appropriate counselling for emotional issues associated with loss of knee function is vital. Arthrodesis is a viable alternative to customised arthroplasty and provides a long-lasting and cost-effective reconstruction for average patients in developing countries.
